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Introduction
In some mammals, olfactory impairment due to removal of the olfactory bulbs can have a pro¬ found effect on reproduction, including modifications to sexual and maternal behaviours, and disturbances in gonadal function (Murphy, 1976) . Few studies have been carried out on olfactory impairment in relation to reproduction in domestic farm animals. However, the domestic pig has received some attention as it is known that olfaction plays a significant role in the reproduction of this species (Hafez & Signoret, 1969) . Olfactory cues emanating from the male pig facilitate the induction of the mating stance in oestrous pigs, and important contri¬ butors to these cues are the musk-like 16-unsaturated C19 steroids (Reed, Melrose & Patterson, 1974) . These steroidal pheromones originate primarily in the boar testis (Prelog & Ruzicka, 1944; Gower, 1972; Booth, 1975) , and are subsequently secreted into the saliva. Previous studies on bulbectomy in the pig have been confined mostly to the female. Signoret & Mauléon (1962) found that bulbectomy in post-pubertal gilts resulted in permanent anoestrus and involution of the reproductive tract in 12 gilts, but there was no effect on oestrous cycles in 7 pigs with partial lesion of the olfactory bulbs, or in 3 sham-operated animals. On the other hand, Meese & Baldwin (1975a) , using the bulbectomy technique of Signoret & Mauléon (1962) , found that bilateral bulbectomy in prepubertal gilts had no adverse effect on their ability to con-ceive when placed with a boar, or to produce normal litters; however, after farrowing the bulbectomized pigs accepted strange piglets more readily than did unoperated animals.
Mating behaviour in the male can be greatly affected by bulbectomy in some male mammals, e.g. bulbectomy greatly reduces or abolishes male mounting behaviour of Syrian hamsters, regardless of their sexual experience (Murphy & Schneider, 1970) , but in other species (Murphy, 1976 ) the effects of bulbectomy on mating behaviour in the male have been less conclusive. Factors such as differences in the completeness of removal of the olfactory bulbs (Rowe & Smith, 1973) , age when bulbectomy was performed (Beach, 1942) and social context (Wilhelmsson & Larsson, 1973; Fletcher & Lindsay, 1968) can influence the degree to which male mating behaviour is expressed following bulbectomy.
The aim of the present study, therefore, was to find out if bilateral bulbectomy in the pre¬ pubertal boar can affect the development of male characteristics, with particular reference to sexual behaviour and its dependence on adequate support by testicular androgens.
Materials and Methods

Animals
The animals were Large White pigs taken from the Institute herd where they normally remained with the sow up to 6 weeks of age before transfer to weaner pens.
The olfactory bulbs were removed from 8 prepubertal boars (10-12 weeks of age) using the technique of Signoret & Mauléon (1962) , as summarized by Meese & Baldwin (1975a In preliminary experiments to ascertain the levels of 5a-androst-16-en-3a-ol (3a-androstenol) and 5a-androst-16-en-3-one (5a-androstenone) in the saliva of aroused boars, saliva samples were collected from the Station's mature boars while they were mounting a dummy to provide a semen sample. Saliva samples were also collected from the bulbectomized and unoperated boars at 34 and 46 weeks of age. At 34 weeks, the pigs were given an intra¬ muscular injection of pilocarpine nitrate (50 mg/2 ml sterile physiological saline) (BGH, Enfield, Middlesex, U.K.) to induce profuse salivation, and at 46 weeks the pigs were led to the vicinity of pens containing alien boars.
The determination of individual amounts of 3a-androstenol and 5a-androstenone in the saliva of the mature boars was carried out as follows. Saliva (1 ml) was diluted with an equal volume of 1 N-NaOH. Tracer amounts of 5a-[5a-3H]androstenone (sp. act. 334 mCi/mmol: a gift from Dr D. B. Gower, Guy's Hospital Medical School, London), and 'H-labelled 3a-androstenol prepared by incubating tritiated 5a-androstenone with a boar submaxillary gland homogenate (Katkov, Booth & Gower, 1972; Booth, 1977) , were added to the saliva so that losses due to extraction could be determined. The saliva samples were then extracted with redistilled diethyl ether (10 ml) and again extracted with 5 ml of solvent. The combined ether extracts were washed to neutral pH with water and dried with anhydrous sodium sulphate; 3a-androstenol and 5a-androstenone in the ether extracts were subsequently isolated by thin-layer chromatography and determined by gas-liquid chromatography (Booth, 1975) .
The determination of individual 16-androstene steroids by the method described above is relatively time consuming and a simple method for determining the concentration of total 16-androstene steroid in saliva was therefore investigated. Saliva samples (1 ml) in duplicate, together with tubes containing standard amounts of 3a-androstenol (0-5-7-5 µg) in the presence of water (1 ml), were extracted with redistilled diethyl ether (5 ml); a water blank (1 ml) was also included. The ether phase was decanted into a glass tube after quickly 'freezing out' the aqueous saliva phase at -80°C. The ether was removed under a current of air at room tempera¬ ture and the dry extract dissolved in 0-5 ml ethanol. The ethanol extract was finally transferred to a small glass-stoppered tube (65 12 mm) for colorimetrie assay which was a micromethod ofthat described by Brooksbank & Haslewood (1961 
Development of the genital tract
The bulbectomized and control boars were slaughtered when they were 47-49 weeks old. The genital tract and submaxillary salivary glands were removed, and the weights of the testes, prostate, seminal vesicles, bulbourethral glands and submaxillary glands were noted; pieces of tissue were removed from these glands for histology. The seminal vesicles were stored frozen at -80°C pending the analysis of fructose and zinc. Fructose was determined as described by Lindner & Mann (1960) after homogenization of 1-2 g tissue in 5 ml glass-distilled water; a 2 ml aliquot was taken for the fructose assay while the remainder of the homogenate was processed for the determination of zinc as follows. The homogenate was centrifuged and the supernatant was diluted with 1 N-acetic acid. The pellet was ashed at 700°C overnight, treated with 5 N-HC1 ( 1 ml) which was then evaporated over a hot plate and the residue finally taken up in 3 ml 1 nacetic acid. Samples of the supernatant and pellet fractions were taken for the direct determin¬ ation of zinc by atomic absorption spectrophotometry (Pye-Unicam Ltd, Cambridge, U.K.) using an air-acetylene flame.
Olfactory epithelium
Samples of olfactory epithelium were removed from the ethmoturbinate region of the nasal cavity, placed on pieces of Millipore filter paper (Type HA, 0-45 urn, Millipore U.K. Ltd, Abbey Road, London, U.K.), fixed in Bouin's fluid, embedded in paraffin wax, sectioned at 6 µ and stained with Delafields haematoxylin, chromatrope 2R and Alcian blue (Culling, 1963 
Pheromones in saliva
The levels of the pheromonal 16-androstene steroids in the saliva of boars subjected to different stimuli are shown in Table 4 . The results obtained by thin-layer and gas-liquid chromatography for boars mounting a dummy confirmed that 3<x-androstenol was the predominant 16-androstene steroid in the saliva (3a-androstenol, 2-93 + 0-75 ug/ml, and 5a-androstenone, 0-34 ±0-11 µg/ml). High quantities of 16-androstene steroid were found in saliva during boar-to-boar confrontations, the bulbectomy did not affect this response. Two saliva samples containing >1 µg 16-androstene steroid/ml after pilocarpine stimulation (not included in the data in Table 4 ), were from Boars 5064 and 5069 which also had the shortest reaction times for displaying mating behaviour (see Table 1 ). Values for the control boars following pilocarpine stimulation are not available because the saliva was used in preliminary studies on the colorimetrie assay. + Intramuscular injection of pilocarpine nitrate (50 mg/2 ml physio¬ logical saline). Olfactory epithelium Table 5 shows the results of the histometric analysis of the olfactory epithelium from the bulbectomized and unoperated boars. With one exception (Boar 5053), the height of the olfactory epithelium in pigs bulbectomized 35 weeks previously was lower than that from unoperated animals, and lower still in pigs which had been bulbectomized 2 years previously.
Discussion
The results show that complete bilateral bulbectomy in the prepubertal male pig does not appear to affect mating behaviour adversely when the animal reaches maturity. This finding contrasts particularly with that for the Syrian hamster in which bulbectomy significantly interferes with male mounting behaviour, regardless of sexual experience (Murphy & Schneider, 1970; Murphy, 1976) . In the present study, 2 of the bulbectomized boars showed the greatest libido; one readily mounted a dummy, and provided several semen samples. Bulbectomized cats also show an enhancement of certain aspects of mating behaviour (Aronson & Cooper, 1974) , and it has been suggested that this is due to lack of distraction from non-sexual olfactory signals. In the pig, therefore, the prepubertally bulbectomized male, like the prepubertally bulbectomized female (Meese & Baldwin, 1975a) (Alberts & Friedman, 1972) , and it has been postulated that this is due to the removal of a non-sensory modulating role which the olfactory bulb has on other brain centres (Alberts, 1974 (Hemsworth, Beilharz & Galloway, 1977; Hemsworth, Findlay & Beilharz, 1978) .
In keeping with the absence of any noticeable effect of prepubertal bulbectomy on mating or aggressive behaviour in the male pig, was the finding that the hypophysial-gonadal axis was apparently unaffected. Although releasing factors or gonadotrophins were not measured, the levels of androgen in plasma, the androgen-dependent accumulation of fructose and zinc in seminal vesicles, amounts of pheromonal steroid in saliva and the development of the male accessory organs were similar in the bulbectomized and unoperated boars, indicating that normal testicular function had been maintained following bulbectomy. The levels of androgen in the plasma were similar to those found in postpubertal boars by Lapwood & Florcruz (1978) , and the amounts of fructose and zinc in the seminal vesicles were appreciable, as reported previously by Boursnell, Baronos, Briggs & Butler (1972) for boar vesicular fluid. In male rats (Larsson, 1969) and mice (Rowe & Edwards, 1972) Gower (1972) . The high concentration of 16-androstene steroid in the saliva of boars displaying aggressive behaviour suggests that these pheromones may be involved in communicating sexual status between boars. It is conceivable that during confrontations between boars the animals are maximally stimulated to exert their male prowess, and a component of this would appear to be an increased production of male pheromones, as well as the known increase in plasma testosterone (Liptrap & Raeside, 1978) . The low concentration of 16-androstene steroid found in saliva after pilocarpine stimulation was possibly due to dilution resulting from an increased production of saliva from the parotid gland, which contains low levels of 16-androstene steroid (Patterson, 1968; Katkov et al, 1972) .
Removal of the olfactory bulbs leads to the degeneration of the olfactory epithelium (Le Gros Clark & Warwick, 1946) . In the present study, degenerative changes, as indicated by a reduced height of the olfactory epithelium associated with reduced numbers of receptor cells, were evident in bulbectomized pigs particularly in those animals bulbectomized more than 2 years previously. These findings are in keeping with the anosmia that occurs after total bilateral bulbectomy in pigs (Meese & Baldwin, 1975a, b) . Post-mortem examination of the ethmoid fossa showed that the space previously occupied by the olfactory bulbs had been filled by neural tissue which histology confirmed to be exclusively fore-brain; this phenomenon of'in-filling' has been seen after bulbectomy in other species (Murphy, 1976) . There was no evidence for removal of neural tissue other than the olfactory bulbs and associated nerves in the region of the cribri¬ form plate. Complete bulbectomy includes removal of the accessory bulbs which receive neural inputs from the vomeronasal organ (Jacobson's organ). In some species, such as the hamster, the vomeronasal organ seems to be particularly important with regard to receiving olfactory signals significant to reproductive processes (Winans & Powers, 1977) , but the present findings indicate that vomeronasal organ probably does not play a vital role in reproduction in the pig.
We thank Miss. J. S. Hilton and Mr K. I. von Glos for able technical assistance.
